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AMENDMENTS TO THE SPECIFICATION 

Please replace originally filed paragraphs [0168], [0170], [0172], [0272] and 
[0279] with the following amended paragraph(s). Deletions of original text are indicated with 
strikothrough or double bracket [[xx]]. Added text is shown by underline , 

[0168] Many of the unnatural amino acids provided above are commercially 

available, e.g., from Sigma (USA) or Aldrich (Milwaukee, WI, USA). Those that are not 
commercially available are optionally synthesized as provided herein or as provided in 
various publications or using standard methods known to those of skill in the art. For organic 
synthesis techniques, see, e.g., Organic Chemistry by Fessendon and Fessendon, (1982, 
Second Edition, Willard Grant Press, Boston Mass.); Advanced Organic Chemistry by March 
(Third Edition, 1985, Wiley and Sons, New York); and Advanced Organic Chemistry by 
Carey and Sundberg (Third Edition, Parts A and B, 1990, Plenum Press, New York). 
Additional publications describing the synthesis of unnatural amino acids include, e.g., WO 
2002/085923 entitled "In vivo incorporation of Unnatural Amino Acids;" Matsoukas et al., 
(1995) J. Med. Chenu 38, 4660-4669; King, F.E. & Kidd, D.A.A. (1949) A New Synthesis of 
Glutamine and of y-Dipeptid.es of Glutamic Acid from Phthylated Intermediates. J. Chem. 
Soc, 3315-3319; Friedman, O.M. & Chatterrji, R. (1959) Synthesis of Derivatives of 
Glutamine as Model Substrates for Anti-Tumor Agents. J. Am. Chem. Soc. 81, 3750-3752; 
Craig, J.C. et al. (1988) Absolute Configuration of the Enantiomers of7-Chloro-4 [[4- 
(diethylamino)-l-methylbutyl] amino] quinoline (Chloroquine) . J. Org. Chem . 53, 1167-1170; 
Azoulay, M., Vilmont, M. & Frappier, F. (1991) Glutamine analogues as Potential 
Antimalarials,. Eur. J. Med. Chem. 26, 201-5; Koskinen, A.M.P. & Rapoport, H. (1989) 
Synthesis of 4-Substituted Prolines as Conformationally Constrained Amino Acid Analogues. 
J. Org. Chem. 54, 1859-1866; Christie, B.D. & Rapoport, H. (1985) Synthesis of Optically 
Pure Pipecolates from L-Asparagine. Application to the Total Synthesis of (+)- 
Apovincamine through Amino Acid Decarbonylation and Iminium Ion Cyclization. J. Org. 
Chem. 1989:1859-1866; Barton et al, (1987) Synthesis of Novel a-Amino-Acids and 
Derivatives Using Radical Chemistry: Synthesis ofL- and D-a- Amino- Adipic Acids, L-a- 
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aminopimelic Acid and Appropriate Unsaturated Derivatives. Tetrahedron Lett. 43:4297- 
4308; and, Subasinghe et al., (1992) Quisqualic acid analogues: synthesis of beta- 
heterocyclic 2-aminopropanoic acid derivatives and their activity at a novel quisqualate- 
sensitized site. J. Med. Chem. 35:4602-7. See also. Provisional Patent Application Serial no. 
60/435,821 patent application entitled "Protein Arrays," attorney docket number P1001US00 
filed on December 22, 2002. 

[0170] Unnatural amino acid uptake by a eukaryotic cell is one issue that is typically 

considered when designing and selecting unnatural amino acids, e.g., for incorporation into a 
protein. For example, the high charge density of a-amino acids suggests that these 
compounds are unlikely to be cell permeable. Natural amino acids are taken- up into the 
eukaryotic cell via a collection of protein-based transport systems. A rapid screen can be 
done which assesses which unnatural amino acids, if any, are taken up by cells. See, e.g., 
the toxicity assays in, e.g., Provisional Patent Application Serial no. 60/435,821 the 
application entitled "Protein Arrays," attorn e y dock e t number P1001US00 filed on December 
22, 2002; and Liu, D.R. & Schultz, P.G. (1999) Progress toward the evolution of an 
organism with an expanded genetic code. PNAS United States 96:4780-4785. Although 
uptake is easily analyzed with various assays, an alternative to designing unnatural amino 
acids that are amenable to cellular uptake pathways is to provide biosynthetic pathways to 
create amino acids in vivo. 

[0172] A variety of methods are available for producing novel enzymes for use in 

biosynthetic pathways or for evolution of existing pathways. For example, recursive 
recombination, e.g., as developed by Maxygen, Inc. (availabl e on th e world wid e web at 
www.maxyg e n.com) , is optionally used to develop novel enzymes and pathways. See, e.g., 
Stemmer (1994), Rapid evolution of a protein in vitro by DNA shuffling, Nature 370(4):389- 
391 ; and, Stemmer, (1994), DNA shuffling by random fragmentation and reassembly: In 
vitro recombination for molecular evolution, Proc. Natl. Acad. Sci. USA. , 91:10747-10751. 
Similarly DesignPath™, developed by Genencor (available on th e world wid e w e b at 
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g e n e ncor.com) is optionally used for metabolic pathway engineering, e.g., to engineer a 
pathway to create O-methyl-L-tyrosine in a cell. This technology reconstructs existing 
pathways in host organisms using a combination of new genes, e.g., identified through 
functional genomics, and molecular evolution and design. Diversa Corporation (availabl e on 
th e world wid e w e b at di versa, com) also provides technology for rapidly screening libraries 
of genes and gene pathways, e.g., to create new pathways. 

[0272] One example of an algorithm that is suitable for determining percent sequence 

identity and sequence similarity is the BLAST algorithm, which is described in Altschul et 
al, J. Mol. Biol. 215:403-410 (1990). Software for performing BLAST analyses is publicly 
available through the National Center for Biotechnology Information 
(wmv.ncbi.nlm.nih.gov/) . This algorithm involves first identifying high scoring sequence 
pairs (HSPs) by identifying short words of length W in the query sequence, which either 
match or satisfy some positive-valued threshold score T when aligned with a word of the 
same length in a database sequence. T is referred to as the neighborhood word score 
threshold (Altschul et al. 9 supra). These initial neighborhood word hits act as seeds for 
initiating searches to find longer HSPs containing them. The word hits are then extended in 
both directions along each sequence for as far as the cumulative alignment score can be 
increased. Cumulative scores are calculated using, for nucleotide sequences, the parameters 
M (reward score for a pair of matching residues; always > 0) and N (penalty score for 
mismatching residues; always < 0). For amino acid sequences, a scoring matrix is used to 
calculate the cumulative score. Extension of the word hits in each direction are halted when: 
the cumulative alignment score falls off by the quantity X from its maximum achieved value; 
the cumulative score goes to zero or below, due to the accumulation of one or more negative- 
scoring residue alignments; or the end of either sequence is reached. The BLAST algorithm 
parameters W, T, and X determine the sensitivity and speed of the alignment. The BLASTN 
program (for nucleotide sequences) uses as defaults a wordlength (W) of 1 1, an expectation 
(E) of 10, a cutoff of 100, M=5, N—4, and a comparison of both strands. For amino acid 
sequences, the BLASTP program uses as defaults a wordlength (W) of 3, an expectation (E) 
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of 10, and the BLOSUM62 scoring matrix (see Henikoff & Henikoff (1989) Proc. Natl 
Acad. Sci. USA 89:10915). 

[0279] Several well-known methods of introducing target nucleic acids into cells are 

available, any of which can be used in the invention. These include: fusion of the recipient 
cells with bacterial protoplasts containing the DNA, electroporation, projectile bombardment, 
and infection with viral vectors (discussed further, below), etc. Bacterial cells can be used to 
amplify the number of plasmids containing DNA constructs of this invention. The bacteria 
are grown to log phase and the plasmids within the bacteria can be isolated by a variety of 
methods known in the art (see, for instance, Sambrook). In addition, a plethora of kits are 
commercially available for the purification of plasmids from bacteria, (see, e.g., EasyPrep™, 
FlexiPrep™, both from Pharmacia Biotech; StrataClean™, from Stratagene; and, QIAprep™ 
from Qiagen). The isolated and purified plasmids are then further manipulated to produce 
other plasmids, used to transfect cells or incorporated into related vectors to infect organisms. 
Typical vectors contain transcription and translation terminators, transcription and translation 
initiation sequences, and promoters useful for regulation of the expression of the particular 
target nucleic acid. The vectors optionally comprise generic expression cassettes containing 
at least one independent terminator sequence, sequences permitting replication of the cassette 
in eukaryotes, or prokaryotes, or both, (e.g., shuttle vectors) and selection markers for both 
prokaryotic and eukaryotic systems. Vectors are suitable for replication and integration in 
prokaryotes, eukaryotes, or preferably both. See, Giliman & Smith, Gene 8:81 (1979); 
Roberts, et al, Nature , 328:731 (1987); Schneider, B., et al, Protein Expr. Purif. 6435:10 
(1995); Ausubel, Sambrook, Berger (all supra). A catalogue of Bacteria and Bacteriophages 
useful for cloning is provided, e.g., by the ATCC, e.g., The ATCC Catalogue of Bacteria and 
Bacteriophage (1992) Gherna et al (eds) published by the ATCC. Additional basic 
procedures for sequencing, cloning and other aspects of molecular biology and underlying 
theoretical considerations are also found in Watson et al (1992) Recombinant DNA Second 
Edition Scientific American Books, NY. In addition, essentially any nucleic acid (and 
virtually any labeled nucleic acid, whether standard or non-standard) can be custom or 
standard ordered from any of a variety of commercial sources, such as the Midland Certified 
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Reagent Company (Midland, TX mcrc.com ), The Great American Gene Company (Ramona, 
CA available on the World Wid e Web at g e nco.com ), ExpressGen Inc. (Chicago, IL 
available on the World Wid e W e b at e xpressgen.com ), Operon Technologies Inc. (Alameda, 
CA) and many others. 
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